Digital cameras acquire images by using color filter array, each pixel contains information of only one color channel. In order to get the rest color channel information, interpolation of the image is needed. The interpolation algorithm directly affects the image quality, and most of the current algorithms have defects in some way. Some interpolation algorithms are very simple, thus causing image distortion, some perform well but are too complex to implement. This paper proposes an improved interpolation algorithm for the most widely used color filter array, Bayer array. The proposed algorithm can achieve both interpolation efficiency and interpolation effect. Based on bilinear interpolation algorithm and edge oriented interpolation algorithm, applying gradient method and color difference rule, the proposed algorithm makes full use of the correlation between color channels, and the algorithm doesn't have great complexity. The experimental results show that the improved interpolation algorithm performs well.
INTRODUCTION
The photosensitive surface of digital camera is covered with a layer of Color Filter Array (CFA). In various CFA, Bayer CFA [1] is the most classic and most widely used. Bayer CFA is shown in Fig.1 , photosensitive surface is covered with blue, red and green filters in order.
There is only one color channel in each pixel of Bayer CFA images, in order to obtain the other two missing color channels, the estimation process based on the correlation between pixel and surrounding pixels needs to be done [2] , and this process is called Color Interpolation or DE mosaicking. Good interpolation algorithm can make the image seem clear and smooth, while some interpolation algorithm can lead to image distortion, such as Zipper effect or pseudo-color [3] .
The color interpolation algorithm can be divided into two categories. The first category, in the process of interpolation, the missing color channel is estimated only by the same color channel of surrounding pixels, and has nothing to do with the other two color channels. The first interpolation algorithm includes bilinear interpolation algorithm [4] , neighborhood interpolation algorithm [5] , and convolution interpolation algorithm [6] . The bilinear interpolation algorithm is one of the most typical interpolation method among the first category. The first kind of interpolation algorithm has low complexity, and is easy to implement, but the algorithm ignores the correlations between color channels, as a result, there exists obvious distortion in the border area. _________________________________________ Figure 1 . Bayer CFA.
The second category, the missing color channel is estimated not only by the same color channel of surrounding pixels, but also by the other two color channels. The second interpolation algorithm includes edge oriented interpolation algorithm [7] , adaptive color interpolation algorithm [8] , interpolation algorithm based on wavelet transform and Fourier transform [9] . Although the second type of interpolation algorithm has good effect, some of these algorithms are too complex to implement, some are not very complex, but there exists room for improvement.
The improved algorithm proposed in this paper belongs to the second kind of interpolation algorithm. It is based on bilinear interpolation algorithm and edge oriented interpolation algorithm, so this paper first introduces these two interpolation algorithms, and then deduce the improved interpolation algorithm.
INTERPOLATION ALGORITHMS

Bilinear Interpolation Algorithm
In bilinear interpolation algorithm, a 3 by 3 window is usually used to deal with image. The essence of this algorithm is that the missing color component is equal to the mean of the same color component of adjacent region. For example, for B33, Bilinear interpolation algorithm ignores the correlation between the color channels, therefore may cause image interpolation. But because this interpolation algorithm is simple and easy to implement, it is the foundation of many improved algorithms.
Edge Oriented Interpolation Algorithm
In fact, there is a strong correlation between different color channels, as discussed in the color difference rule and color ratio rule. The color difference rule means that, in a very small color smoothing region of the image, the interpolation pixel point (m, n) and the adjacent pixel point (p, q) have the following relations,
The edge oriented interpolation algorithm, which applies the color difference rule and combines the idea of edge orientation and bilinear interpolation, improves the interpolation effect. The process of the edge oriented interpolation algorithm is as following.
1) Green interpolation (Based on gradient) First, calculate the horizontal gradient △H and vertical gradient △V, then compare △H and △V to determine the interpolation direction and implement the interpolation. 3) Blue interpolation Blue interpolation process is similar to red interpolation. The edge oriented interpolation algorithm takes the correlation between color channels into account, compared with the bilinear interpolation algorithm, it's significantly improved. But the interpolation algorithm is based on the 5 by 5 window; a lot of boundary region can't be interpolated. Furthermore, the interpolation direction is only considered in green interpolation.
Improved Interpolation Algorithm
The improved interpolation algorithm proposed in this paper takes into account the interpolation direction not only in green interpolation, but also in blue and red interpolation, so it makes full use of the correlation between color channels. The process is as follows.
(1) Green interpolation (Based on gradient) This green interpolation is similar to that of edge oriented interpolation, but the gradient △H and △V is different. For blue pixels, take B33 for example, The green interpolation of red pixels is similar to blue pixels. So far, all the pixel's green components have been interpolated.
(2) Red interpolation of blue pixels (Based on gradient and color difference rule) First, calculate the gradient of the main diagonal (△M) and sub diagonal (△N) of the blue pixel, then determine the interpolation direction and implement the interpolation using color difference rule. Take The red interpolation of green pixels is similar. So far, all the missing color channels have been interpolated.
EXPERIMENT AND RESULT
The proposed algorithm is evaluated by imaging experiment (30 images) and PSNR (Peak Signal to Noise Ratio). PSNR is an objective criterion to measure the image distortion. The smaller the PSNR is, the more obvious the distortion is. Fig.2 shows two images acquired by bilinear interpolation, edge oriented interpolation, and improved interpolation. TABLE I lists the PSNR of the two images acquired. As can be seen from Fig.2 and TABLE I, the proposed interpolation algorithm performs better than bilinear and edge oriented interpolation algorithm, and its complexity doesn't increase. 
